The aim of this study was to evaluate the effect of the directed positive selection of the common pheasant for a higher seven-week body weight (BW) relative to their gender on the realised response to the selection and adult (40-week) BW after four generations of selection. The founder population was not selected before for any traits. For the selection in generation one of the experiment, a total of 2 080 pheasant chicks were used to establish a selection line (SL). In the same year, a total of 400 pheasant chicks were randomly selected as a control line (CL). Within the SL, chicks from individual hatches were selected by sex, always based on live BW at the age of 49 days. The targeted selection was carried out for four generations. In all generations it was found a higher seven-week BW in males compared to females (P<0.01). In generations two, three and four, the BW of the SL in both sexes was always higher in comparison with the CL (P<0.01). The genetic improvement of the seven-week BW was 15.0, 6.4 and 10.1 g in generation two, three and four, respectively. In the last generation, the increase in the seven-week BW of the SL compared to the CL was higher in females than in males (8.00 and 6.66 %, respectively). The realised heritability for the seven-week BW was 0.19. The selection at the age of seven weeks also caused an absolute increase in BW of adult pheasants at the age of 40-weeks.
Introduction
In general, pheasant meat has a high nutritional value, as it contains high-quality protein and little fat and so there is a strong market demand for it, especially considering the increasing consumer interest in safe food products (Straková et al. 2006 , Kuźniacka & Adamski 2010 .
The success of poultry production has been strongly related to improvements in growth and carcass yield (Le Bihan-Duval et al. 2001) . As the heritability of BW is moderate to high, the selection has largely contributed to this trait (Le Bihan-Duval et al. 2001 , Larivière et al. 2009 . Rémignon (2004) states that in Europe, more than 95 % of pheasants are reared for hunting and the selection depends more on their ability to fly and capacity for survival in the wild than their productivity or growth performance. We have recently seen their goaldirected fattening for the purposes of meat production as part of the captive breeding of pheasants in some European countries (Mašek et al. 2007 , Kokoszynski et al. 2011 , similar to the now relatively common practice in North America where even a white pheasant has been developed that is reared artificially and marketed as traditional poultry (Rémignon 2004 ). According to Roberson (2004) the white pheasant is a meatier type of pheasant that has been developed through crossbreeding to provide a larger bird with a higher breast yield than the ring-necked pheasant. Nevertheless in Europe, mentions of the directed selection or hybridisation of meat-type pheasants are currently more likely to be sporadic (Zapletal et al. 2011 , Kokoszynski et al. 2012 .
The aim of this study was to evaluate the effect of the directed positive selection of the common pheasant (Phasianus colchicus) for a higher seven-week body weight (BW) relative to their gender on the realised response to the selection and adult (40-week) BW after four generations of selection.
Material and methods

Birds
The experiment was performed in the pheasantry of the University of Veterinary and Pharma ceu ti cal Sciences Brno (305 m above sea level; GPS: 49°15'44.383" N, 16°32'1.300" E), Czech Republic. The experimental birds were common pheasants (Phasianus colchicus) while the used founder population (75 males and 375 females, generation 0) was not selected before for any trait. For the selection in the second year of the experiment, a total of 2 080 pheasant chicks (1 041 males and 1 039 females) were used to establish a selection line (SL). In the same year, a total of 400 pheasant chicks were randomly selected as a control line (CL). Within the SL, chicks from individual hatches were selected by sex, always based on live weight at the age of 49 days and correct physical development. Positively selected chicks were marked with a leg ring and used in the next year as a parental flock (generation one). In each year of the experiment, the randomly selected birds within the CL were weighed at the age of 49 days. Individuals from this group were then randomly selected to form a parental flock of the CL in the following year. This work evaluates the targeted selection of pheasants for a higher body weight at the age of seven weeks over four generations. The number of used parents and evaluated progeny is stated in Table 1 by line, sex and generation. Table 2 shows the selection intensity expressed in % which represents the proportion of birds positively selected from the overall group assessed, within sex and specific hatching in individual generations. After hatching and within each hatch of the SL and CL, the chicks were placed in separate aviaries in the indoor housing with the same environmental conditions. After weighing at the age of seven weeks, the groups of positively selected chicks from individual hatches as well as the control group were placed in separate outdoor aviaries enabling access to the indoor housing. Pheasants were housed in this manner until the age of 40 weeks when they were weighed again. After the second weighing and within the particular line, the adult pheasants were housed together in one large outdoor aviary. Formation of specific breeding groups (1 male : 5-6 females) within the lines was random, in the period between the 20th and 31st of March. Breeding groups created in this way were housed in cages under an outdoor shelter throughout the breeding period. Egg collection for the experimental purposes started on the 20th of April. Eggs were collected twice a day and stored up to 14 days at a temperature of 14 °C and humidity of 70 % separately according to the line. Eggs of each line were incubated in separated trays. Within the SL, four and three hatches in generation one and generations two, three and four were performed, respectively. In the course of rearing, the pheasant chicks were nourished by commercially manufactured complete feed mixtures -starter for turkeys (28 % crude protein (CP) and 11.6 MJ of ME/kg) until the age of five days, feed mixture BŽ 1 (26 % CP and 11.7 MJ of ME/ kg) from 6 to 14 days, feed mixture BŽ 2 (24 % CP and 12.0 MJ of ME /kg) from 15 to 28 days, and feed mixture BŽ 3 (13 % CP and 12.3 MJ of ME/kg) from 29 to 70 days. From the 71st day of age, the feeding ration for pheasants was gradually converted into whole wheat grains; pheasants were fed in that manner until mid-February of the following year. Feed mixture BŽN (20 % CP and 11.5 MJ of ME/kg) was used to feed the breeding flock in the period from the end of February to the end of July. All used feeds in the experiment were made by ADW Agro, a.s. (Krahulov, Czech Republic). Food and water were available ad libitum throughout the experiment.
Traits
The most important selection criterion for the pheasant chicks was the BW with respect to sex in 49 days of age. This age was determined on the basis of previous work finding that the pheasant chicks reached the highest intensity of growth rate during the period between days 41 and 70 (Straková et al. 2005) . Based on morphological traits, it was possible to distinguish the sex of pheasant chicks at the age of 49 days. When selecting the chicks, we also consider their correct physical development; particularly, birds with deformities of breastbone, legs, toes and beak were rejected.
Subsequently, the positively selected birds in the SL and selected breeding birds in the CL were weighed at the age of 40 weeks, i. e. before the beginning of their breeding period in the following year.
Statistical analysis
Statistical analyses were performed using STATISTICA CZ v. 9 (StatSoft, Inc. Tulsa, OK, USA).
Comparison of the means of BWs in pheasant chicks at the age of seven weeks was done using the following generalised linear model:
where Y ijkl was an individual observation for the trait Y, μ was the overall mean, L i was the fixed effect of the ith line (i=S, C), S j was the fixed effect of the jth sex, G k was the fixed effect of the kth generation (k=1, 2, 3, 4), L i ×S j was the fixed interaction of L i and S j , and e ijkl was a residual random effect (Table 3) . A comparison of the means of BWs in adult pheasants at the age of 40 weeks was done by multi-factorial ANOVA (Table 5 ). The Kolmogorov-Smirnov test was used to test the normality of the distribution in particular groups. The realised heritability for the seven-week BW was calculated as the ratio of the cu mula tive selection response to the cumulative selection differential (Falconer & Mackay 1996 , Khaldari et al. 2010 .
Results
During the entire assessment period of the seven-week BW (generations one to four), a higher BW of pheasants was found in chicks of the SL (433.6 ± 1.05 g) compared to the CL (402.4 ± 1.69 g). Moreover, the coefficient of variation was slightly smaller in the SL (17.1) compared to the CL (17.7).
The seven-week BW of pheasant chicks by sex, line and generation is presented in Table 3 . In generation one and within both sexes, we found no statistical difference between the SL and CL with regard to the average BW. In this generation, a lower BW was observed only in females (P<0.01) compared to males (not shown in table). In the following generations, the BW of the SL in both sexes was always higher in comparison with the CL (P<0.01). In generations two, three and four, a higher BW in males (P<0.01) than in females was confirmed (not shown in table). In males of the SL, the highest BW was found in the last generation; regarding generation three, the BW was reduced in comparison with the previous generation two (P<0.01). Similarly, the females of the SL reached the highest BW also in generation four while the lowest BW was found in generation three; this BW was lower compared to generation two as well as to generation one (P<0.01). In the CL and within both sexes, we also confirmed a different BW between particular generations. The body weight in males of generation two and four was higher compared to generations one and three whereas the lowest BW was found in generation three (P<0.01), much like in males in the SL. In females, the highest BW appertained to generation four while the lowest BW was observed in generation three (P<0.01) which indicated a similar trend as in females of the SL. The selection response for the seven-week BW is shown in Table 4 . Genetic improvement was 15.0, 6.4 and 10.1 g for generation two, three and four, respectively. For the entire evaluated period of targeted selection, this represented a genetic improvement of 31.5 g. Concretely in males, the BW increase in generation four within the SL reached 32.2 g compared to the CL which represents an increase of 6.66 %. In females, the BW increase in generation four within the SL was 30.9 g compared to the CL which represents an increase of 8.00 %. Discovered realised heritability for the seven-week BW of pheasants was 0.19. The forty-week BW of breeding pheasants within sex, line and generation is stated in Table 5 . Within both sexes in particular generations, the positively selected parents of the SL always reached a higher 40-week BW (P<0.01) than parents from the CL (not shown in the table). In sires of the SL, the highest BW was conclusively found in the last generation, the lowest BW in generation two was lower than in generation one (P<0.01). Over four generations of targeted selection, the 40-week BW in positively selected sires of the SL increased by 10.35 %.
Regarding the sires of the CL and generation four, a higher BW was found only compared to generation one (P<0.01). Due to the selection, the differences between the SL and CL regarding the BWs of sires increased by 8.17 % -from generation one (+17.94 % for the SL) to generation four (+26.11 % for the SL). In positively selected dams of the SL, the highest BW was observed in the last generation four (P<0.01), besides dams of generation two displayed higher BWs than dams of generation one (P<0.05). Over four generations of the targeted selection, the 40-week BW in dams of the SL increased by 9.11 %. Concerning dams of the CL, we also detected a different BW in particular generations (P<0.01); the BW in generation three and four was higher than in generations one and two. However, a comparison of differences in the BW between dams of the SL and CL indicates that the overall decrease makes 4.48 % -from generation one (+15.56 % for the SL) to generation four (+11.08 % for the SL). 
Discussion
Genetic improvement
The mean seven-week BW of the SL and CL in the last evaluated generation was 466.4 and 434.8 g, respectively, which resulted in a 7.3 % cumulative genetic improvement or 2.4 % improvement per generation. In a similarly organised experiment with a selection of Japanese quails for a higher BW, Khaldari et al. (2010) reached a 5.8 % genetic improvement per generation which is a considerably higher level than in our selection of pheasants. Arthur & Albers (2003) report that the selection of broiler chickens for a higher growth intensity in the period of 1960 to 2000 increased by an average daily gain of 3.2 % per year. Havenstein et al. (1994) note that the progress in growth rate in broiler chickens at this time can be attributed to genetic improvement for 80 % which represents about 2.6 % per year. This level of genetic improvement in broiler chickens would be consistent with the results observed in our evaluation of the seven-week BW in pheasants. An actual result of the selection for increased growth is generally affected by the selection intensity, timing, selection method and genetic variance in population (Emmerson 2003 , Khaldari et al. 2010 . Although a significantly higher intensity of selection was chosen in males (5.3 to 10.1 %) compared to females (26.6 to 45.6 %), the BW then increased similarly in both sexes. Specifically, the seven-week BW in the SL generation four was higher by 6.7 % in males and 8.0 % in females compared to the CL. In meat-type chickens selected for a higher eight-week BW, MignonGrasteau et al. (1999) found that the difference between the SL and CL was higher in males than in females; nevertheless, their evaluation monitored a total of 10 generations. In the last generation four of our experiment, the seven-week BW of males in the SL was higher by 23.7 % compared to females; regarding the CL, the males outweighed females by 25.2 %. By contrast, Mignon-Grasteau et al. (1999) report that the difference in the eight-week BW between males and females tended to be higher in lines selected for a high eight-week BW compared to the non-selected line.
In the experimental evaluation focused on fattening of pheasant chicks, Straková et al. (2005) found that the highest growth intensity was reached between days 41 and 70. Based on this previous work, we determined the age for selection to seven weeks. At this age, we were already able to distinguish sexes and there was an assumption that a targeted selection around the inflection point can improve their growth efficiency (Hyánková et al. 2001 , Nahashon et al. 2006 . The targeted selection of pheasant chicks for a high seven-week BW in our experiment also led to an absolute increase in BW of adult pheasants in the SL compared to the CL, in all years of selection and within both sexes (P<0.01). In general, selection at an early age appears to change the shape of the growth curve resulting in an earlier point of inflection and a greater slope at the point of inflection. In contrast, selection at a later age increases the magnitude of growth without significantly changing the form of growth (Emmerson 2003) . In our case, due to the selection in the vicinity of the point of inflection, we observed not only an increase in the growth intensity until the age of seven weeks but also an absolute increase in BW of adult pheasants. When comparing BW differences between generations one and four of the 40-week parents in the SL, it is clear that sires achieved a higher increase in BW than dams (10.35 % vs. 9.11 %, respectively). Analogously, also Supriyantono (2009) discovered a higher increase in BW for males than for females in broiler chickens. Nevertheless, as the pheasants were housed in outdoor aviaries from the age of seven weeks, their own 40-week BW might be also influenced by specific climatic conditions of the winter season in particular years.
Realised heritability
In an unselected population of common pheasants, Rizzi et al. (1994) identified h 2 estimates (sire component) 0.27 and 0.30 for BW at 28 and 120 days, respectively, and note that the magnitude of heritability indicates that selection for the BW in pheasants is possible -which is also confirmed by the results of our experiment. In our case, the realised h 2 of the sevenweek BW after selection was 0.19. The estimated h 2 for BW in chickens is reported in the range of 0.19 to 0.42 (Gaya et al. 2006 , Larivière et al. 2009 , Supriyantono 2009 ). In Japanese quail, Khaldari et al. (2010) found h 2 estimate for the four-week BW, after the same length of selection like in our experiment, at the level of 0.26. Concerning the realized h 2 of the BW in poultry, Liu et al. (1994) revealed in broiler chickens that h 2 of the eight-week BW ranged from 0.22 to 0.28 for high BW lines. Nestor et al. (2008) stated that h 2 of the 16-week BW in turkeys were 0.31, 0.27, 0.24 and 0.17 after selection in generations 1 to 10, 11 to 20, 21 to 30 and 31 to 40, respectively. Moreover, Supriyantono (2009) found a discrepancy in estimated and realised heritability in broiler chickens selected for nine generations. In his study, realised h 2 of the six-week BW was significantly lower than the estimated h 2 (0.10 vs. 0.42). In contrast, Khaldari et al. (2010) found a higher value for realized h 2 than for estimated h 2 in Japanese quails. In our experiment, we also found lower levels of realised h 2 for males compared to females (0.17 vs. 0.21, respectively). A different level of realised h 2 between sexes in turkey was also reported by Nestor et al. (2008) ; however, they found higher h 2 in males than in females (0.20 vs. 0.13, respectively). In general, Falconer (1960) stated that the heritability for a particular trait can take different values according to the population, environmental conditions and the calculation method.
In conclusion, our results show that the targeted selection of pheasants for a higher seven-week BW, performed separately by sexes for the period of three generations, led to a 2.4 % genetic improvement per generation whereas the realised h 2 for the seven-week BW was 0.19. The seven-week BW in generation four within the SL was higher by 6.7 % in males and by 8.0 % in females compared to the CL. The selection at the age of seven weeks also caused an absolute increase in BW of adult pheasants at the age of 40 weeks in generation four, especially in males. The four-year directional positive selection of pheasants performed within this work was a successful tool to increase the BW for the purpose of pheasant meat production.
